Abstract. The aim of the present study was to investigate the expression of the chemokine receptor cXcr4 in human bladder carcinoma cells and its possible role in their metastatic growth in vitro. Immunofluorescent imaging and flow cytometry were performed to examine the expression of CXCR4 in the EJ and EJ-M3 cell lines. A highly specific cXcr4 antagonist, aMd3100, was used to inhibit metastatic growth, as assessed by an in vitro invasion assay. The expression of cXcr4 protein was mainly observed in the cytoplasm of the two bladder carcinoma cell sublines. cXcr4 expression was increased in the eJ-M3 cell line compared to the eJ cells. differences in the cXcr4 protein expression rates between the eJ-M3 cell line (55.7±10.35%) and eJ cell line (25.4±4.69%) were significant (P<0.05). The CXCR4 antagonist aMd3100 partially inhibited the metastasis of the eJ-M3 cells, which had higher cXcr4 expression (56±8.96) than the control EJ cells (118±6.56) (P<0.05). In conclusion, the high in vitro metastatic potential of human bladder carcinoma cell sublines is closely associated with increased cXcr4 expression, and is inhibited by a specific CXCR4 antagonist.
Introduction
Bladder carcinoma is a common genitourinary cancer, and the malignant properties of its recurrence and metastasis make it resistant to clinical treatment. However, the mechanisms of the invasive growth of bladder carcinoma remain unclear.
cXcr4 is a G protein-coupled receptor that comprises seven transmembrane domains. recent research has revealed that this protein is also a co-receptor for foreign HiV. Stem cell-derived factor α (SdF-1α), the natural ligand for cXcr4, is a member of the cXc chemokine family, which has chemotactic activity for hematopoietic progenitor cells (1) (2) (3) (4) . chemokine signaling results in the transcription of the target genes involved in cell invasion, motility, interaction with the extracellular matrix (ecM) and survival (5) . The expression of the chemokine receptor cXcr4 plays a key role in migration and metastasis, and is associated with tumor progression and poor prognosis in a number of malignancies (6) (7) (8) (9) . We detected and analyzed the expression of cXcr4 in the bladder cancer cell line eJ and the highly invasive bladder carcinoma cell line eJ-M3 in order to investigate the role of cXcr4 in the invasion and metastasis of bladder cancer.
Materials and methods
Cell lines and antibodies. The highly invasive human bladder carcinoma eJ-M3 cell line was established in a previous experiment (10) . The eJ-M3 cell line and the parent bladder carcinoma eJ cell line were cultured in dMeM supplemented with 10% fetal bovine serum and incubated in 5% co 2 /95% air at 37˚C. A routine immunostaining procedure was then performed with cXcr4 multi anti-rabbit igG (G-19) (Santa cruz, uSa) as the primary antibody, alexa Fluor 594 donkey anti-rabbit igG (H+l) and mouse anti-human cXcr4 as the secondary antibodies, goat anti-mouse monoclonal antibody as the control, and aMd3100 as the cXcr4 antagonist (all from invitrogen, uSa). antibody solutions were diluted in phosphate-buffered saline (PBS) at a concentration of 3 ml/ well.
Immunofluorescence analysis. An indirect immunofluorescence technique was used to detect the expression of cXcr4 protein in the eJ and eJ-M3 cell lines. in brief, bladder cancer cells in the logarithmic phase of growth were suspended in medium at a concentration of 1x10 4 /ml and seeded overnight on sterile coverslips placed into a 6-well plate. The medium was removed and the cells were washed twice with PBS, then fixed in methanol at 4˚C for 10 min. The coverslips were washed with 0.25% Triton X-100 and 1% BSA. The first and second antibody staining were performed in buffered glycerol. PBS was used instead of the first antibody as a negative control. Staining was observed using a fluorescence microscope (nikon, Japan). images were captured using a multispectral imaging system (cri).
Flow cytometric analysis.
To confirm the expression of CXCR4 protein in the EJ and EJ-M3 cell lines, flow cytometry was performed. in brief, bladder cancer cells in the logarithmic phase of growth were trypsinized on ice for 10 min and fixed in 4% (w/v) paraformaldehyde. The cells were washed and incubated with anti-human cXcr4 mab 12G5 (1:100 dilution) or mouse igG isotype control for 30 min at room temperature. after being washed twice with PBS, the cells were incubated with Pe-labeled goat anti-mouse igG for 30 min at room temperature and analyzed on an Epics flow cytometer (Becton dickinson, uSa).
Migration assay using AMD3100. To determine the effect of cXcr4 on the metastatic growth of the eJ-M3 cells, cell migrations assays were conducted in cells treated with or without the aMd3100 antagonist. The assays were performed using 6.5-mm-diameter Transwell™ inserts with uncoated polycarbonate filters (5-µm pore size) (Costar, USA). Briefly, before adding cells to the upper compartment, the transwells were washed 3 times with rPMi 1640 medium plus 0.25% BSa, provided with the assay. eJ-M3 cells (1x10 5 ) were resuspended in 0.1 ml assay medium and seeded in the upper compartment of the transwells. Medium at a volume of 0.6 ml with or without 100 ng/ml SdF-1α was added to the lower compartment. a 0.1-ml cell-containing sample was maintained in the assay medium as an input control for the quantitation of the number of migrated cells. cells were then left untreated or treated with the addition of 100 ng/ml AMD3100 at 37˚C in 5% CO 2 for 12 h. Subsequently, the inserts were removed, non-invasive cells were wiped off the upper surface of the filter with a moistened cotton swab, and cells that had invaded onto the lower surface of the membrane were fixed in methanol for 30 min, then stained with H&e. Migrated cells were counted using an inverted microscope (olympus, Japan). The membranes were divided into four quadrants by horizontal and vertical lines.
Statistical analysis. The experimental data were analyzed with SPSS 10.0 statistical software, with the level of significance set at P<0.05. All experiments were repeated two to three times, and similar results were obtained.
Results
Immunofluorescence. cXcr4 protein was stained light red in the eJ cells and red or dark red in the eJ-M3 cells, indicating that it was expressed more strongly in the eJ-M3 cells compared to the eJ cells (Fig. 1) .
Flow cytometry.
In accordance with the immunofluorescence results, flow cytometric data indicated that 55.7±10.35% of the eJ-M3 cells were positive for cXcr4 expression, while only 25.4±4.69% of eJ cells were positive for cXcr4. The expression of CXCR4 protein was significantly higher in the eJ-M3 cells compared to the eJ cells, as determined by the t-test (Fig. 2) .
Migration assay AMD3100. in the eJ-M3 cells treated with aMd3100, the number of invasive cells was 56±8.96. This was significantly lower than the number of cells in the nonintervention group (118±6.56). (Fig. 3) .
Discussion
The mechanisms of cancer metastasis are complex, and new discoveries have led to the expansion of the ̔seed and soil̓ hypothesis. after metastatic cells pass through vascular channels and are implanted in the bladder, a favorable ̔soil̓ may prompt further growth and proliferation. The establishment of bladder metastasis results from a close interaction between metastatic tumor cells and the unique environment of the bladder.
The formation of aggressive bladder metastases is closely associated with a distinctive gene expression profile (11) . The chemokine receptor cXcr4 has been considered one of the mechanisms related to bladder tumor cell metastasis. Tumors that express higher levels of cXcr4 have been found to be more prone to cancer metastasis than those with lower expression (12, 13) . it is well known that peripheral lymphocytes preferentially localize to peripheral lymphoid tissues, such as the lymph nodes; this is called the homing phenomenon (14) . evidence suggests that cXcr4 overexpression in metastatic cancer cells plays an important role in the homing of the cells (15) . cXcr4 is a natural receptor for SdF-1, which has potent chemotactic activity for lymphocyte participation in directing the metastasis of these cells to the bladder, which expresses high levels of SdF-1 (16) . High levels of SdF-1 are present in organs that are commonly invaded by metastasizing cells, and these high SdF-1 levels attract cXcr4-positive tumor cells. The interaction between SdF-1 and cXcr4 activates the specific signaling pathway controlling homing and metastasis. cXcr4 overexpression was found to enhance bladder tumor growth (17) . in addition, cXcr4 may enhance invasive signals and metastatic growth in the bladder microenvironment. cXcr4 mrna expression in normal human urothelium, bladder cancer and also bladder cancer cell lines (J82 and T24) was previously reported (18) . The addition of SdF-1 (which presumably activates cXcr4 receptors) was found to increase Matrigel invasion and cell growth, but was not effective in increasing intracellular calcium in these particular urothelial cancer cells (18) . in the present study, both the eJ and eJ-M3 cell lines expressed cXcr4. The percentage of cXcr4-positive cells in the EJ-M3 cell line was significantly higher than that in the EJ cell line. This difference was statistically significant. differences were noted in regards to in vitro invasion between the bladder cancer cell lines exhibiting differential expression of cXcr4, and the expression of cXcr4 was positively correlated with tumor invasion. This suggests that the SdF-1/cXcr4 biological axis plays an important role in tumor invasion and metastasis of bladder cancer. The high expression of cXcr4 was associated with a high invasive and metastatic potential of bladder cancer in vitro. This may provide clues to the prognosis and treatment of patients with bladder cancer.
in this study, we observed that aMd3100, a cXcr4 antagonist, inhibited bladder cancer cell invasion in vitro. This finding confirmed that blocking the expression of CXCR4 specificity reduces bladder cancer cell invasion in vitro. Additionally, it confirmed the close relationship between cXcr4 expression and the invasion of bladder tumor cell lines in vitro. This study provides new insights for the elucidation of the molecular mechanisms involved in the impact of the SdF-1/cXcr4 biological axis on the invasiveness and metastasis of bladder cancer, and suggests a new target for the control of bladder cancer metastasis.
